Abstract-This article reflects the ongoing debates in Russia regarding paths of innovative development and the role that fundamental science has played in the development of technology critical for national security and for its breakthrough potential. Alternative routes of technical development include variations in priority support for those points of growth, in which Russia has attained and steadily held the leading position, occu pying a prominent place in the international division of labor. Russia's space program is a good example of the successful implementation of a national program and provides a demonstration of the country's leader ship role in this area of human activities. This article presents an analysis of the factors and circumstances in Russia that predetermined, in the early, "Gagarin" period of piloted space flights, its winning of the leading position. They also determined the vector of the development of manned space flight for many years to come. Even taking into account the host of issues with the implementation of the International Space Station (ISS) utilization program and the planning of manned flights to the Moon and Mars, the unique experience of preparations and the conducting of research and tests with humans in space-the enormous groundwork in fundamental biomedical research over the past 50 years of piloted flights-provides the basis for an optimistic prognosis for gaining headway with essentially new, ambitious space projects. The key question is whether the proactive strategy of prioritized development and the affirmation of the role of manned space flights as the most integrated and science intensive sector of innovative achievement will be realized. The development of the space industry depends upon the answer, not only at the present stage but in the long term as well, as does the fate of the national fundamental space sciences, an integral part of which is space biomedicine.
1 Russian space programs, despite the objective diffi culties and problems, support the real possibility of maintaining the country's leading position in this sphere of high technologies in the coming decade. The maintenance of the status of a country that possesses unique space based technologies, including technolo gies based on fundamental advances in space biology and medicine, requires the development of a clear research strategy and a continuous enhancement of efforts aimed at its implementation. The maintenance of such a high status cannot be the result of a passive following in the footsteps of the world's process. The use of terms such as "maintain par," "achieve a level of," and "close the gap," often used in the context of the expected medium and long term development trends in Russian science, is not fully justified in those sectors of science and technology in which leadership has already been reached and/or in which there is advanced groundwork relative to the global level. In this case, a simple "alignment" for partners and/or competitors in practice means reducing Russia's own 1 Monolingual dictionaries give the following semantic variants of the original Russian term "uprezhdenie": (1) advance of some one; (2) (outdated) warning, advance notice; (3) location ahead; (4) anticipation as action; (5) corresponds to Russian "pred" in synonyms of "preduprezhdenie" warning.
pace of development and loss of initiative. We believe that, in these circumstances, is more appropriate to use the term "anticipation," which we interpret as an active influence on the development of science, dic tated by the realization of the higher needs of society and the consolidation of the best national traditions and scientific achievements. With this approach, emphasis is placed on the promotion of new technol ogies, which determine the ability of countries and societies to confront global challenges and threats. They simultaneously make it possible to follow the internal logic of the development of science itself and to retain the most viable "growth points," the loss of which would lead to its degradation [44, 45, 49, 50] .
The selection of the term "anticipation" from many synonymous terms ("prediction," "forecast," "prevention," etc.) and including it to the title of the publication most closely reflects and captures the dif ficult though emblematic situation in choosing a strat egy for the development of biological science in the interests of space exploration. The features of this strategy, which were objectively formed sometime before the first space flight of our compatriot Yuri Gagarin, can clearly be distinguished today.
At present, the scientific community faces a sharp question: to what extent does the basic state of funda mental science, with biomedical research as its com ponent, affect the possibilities for the promotion of innovative projects of manned space flights (SFs)? It is impossible to answer this question without referring to its origins, to the very beginning of the era of manned space exploration, without any attempt to assign his torical priorities.
A Brief Excursus to the History: to the Anniversary of Yuri Gagarin's Flight
On April 12, 1961 , one of the main events of the twentieth century took place-the first human flight into space, featuring our compatriot Yuri Gagarin. The fiftieth anniversary of the event will be celebrated in Russia on the state level, and the entirety of 2011 has been proclaimed the Year of the Russian Cosmonau tics 2 [42] .
Today, it is fully understood that this historic achievement, which is attributed to the heights of sci entific and technological achievements of the twenti eth century, was been primed (and "anticipated") by the favorable combination of many national and state factors and conditions [7, 25, 34, 44, 48] . The latter include the scientific prediction of the historic signifi cance of the breakthrough into space, made by Rus sian thinkers, philosophers, and mathematicians (K.E. Tsiolkovskii, N.I. Kibal'chich, F.A. Tsander, Yu.V. Kondratyuk, and the forerunner of modern space ecology and anthropoecology V.I. Vernadskii); support for the idea of space flights in 1950-1960s by the leadership and eminent members of the Russian Academy of Sciences (M.V. Keldysh and his associates and followers); the flowering in the post war years of the talent of the chief designers of the country's rocket and space technology (Korolev and his associates and followers); the fantastic commitment of all the partic ipants of the space project (from the cosmonautics rank and file workers to the cosmonauts of the first, "Gagarin's" team; and the triumph of the national school of aerospace medicine (O.G. Gazenko, A.M. Gening, V.I. Yazdovskii, etc.), which was based on the outstanding achievements of the Hall of Fame of Russian scientists in various fields of biology and medi cine. L.A. Orbeli, V.V. Strel'tsov, N.M. Dobrotvorskii, A.P. Apollonov, N.M. Sisakyan, A.V. Lebedinskii, V.V. Parin, and V.N. Chernigovskii-these names form an incomplete series of brilliant scientists and representatives of unique schools of Soviet science.
A retrospective look at the history of manned space flights shows that the timely efforts of Soviet research ers resulted in all the necessary conditions for the pres ervation of life, health, and efficiency of cosmonauts in the first flights. But for these achievements, the pace of development of the entire space industry would have been totally different, much more modest. A signifi cant factor ensuring the unconditional leading role of Russia at the first stages of the "space odyssey" was the implementation, in the era preceding space flights, of high altitude and supersonic jet aircraft flights, as well as the creation in our country of an advanced scientific school for aviation physiology and medicine [6] [7] [8] [9] . According to O.G. Gazenko, a unique feature of space medicine is that it was formed as a special branch of the theory and practice of medicine even before the first manned flight into space [6, 7] . During this period of time, the advances of aviation medicine in the field of high altitude and long term flights on airplanes, as well as the results of biological experiments in high altitude rockets and the first artificial satellites of the Earth performed in 1951-1961, have become land mark achievements [11, 48, 49] . These facts, histori cally recognized and appreciated by the international community, are examples of scientific anticipation of the highest standard [8, 12, 14-16, 23-27, 48] .
Manned Flights and the Human Factor
When highlighting the major factors and condi tions as well as the threats and risks that significantly affect the dynamics of events and have long term con sequences for every single branch of production, transport, science, education, etc., and for the entire strategy of the economic development of the state, it is necessary first of all to focus on the state of basic sci entific research, including all those sectors that are directly related to the human factor. It is generally rec ognized that only significant achievements in basic research can give a qualitatively new impetus to the development and introduction of advanced technolo gies. The degree to which different fields of basic sci ence are represented and developed determines the potential of any country in the world. For this reason, the substantiation of promising directions in scientific research, including biomedical studies, is the focus of the attention of experts in the field of space explora tion and is an important step in predicting its develop ment [1, 8, 9, 17, [25] [26] [27] [28] [29] [30] .
Both in Russia and the United States, intensive work on developing national strategic plans for the research and exploration of space by humans has been carried out in recent years. According to the "Basic Policy of the Russian Federation in the Field of Space Activities for the Period until 2020 and Beyond," one of the main goals of the strategic policy in this area is the creation of scientific, technical, and technological conditions for the implementation of large scale space projects providing in depth research and exploration of celestial bodies and the formation of stable interna tional relations, including those in the interests of manned SFs. The Federal Space Program of Russia for the period of 2006-2015 expressly postulates the necessity to create the groundwork for a manned flight to Mars.
The position of United States, one of the leaders in the manned space flights, is also sufficiently indicative in terms of strong support for space activity.
On June 28, 2010 the government of United States published a document entitled "National Space Pol icy," which sets out the main directions of national policy reform in the field of space activities [32] .
This document states, in particular, that sustain able development and the stability of space activities, as well as free access to space and its unobstructed use, are vital aspects to the national interest for the United States. It was also stated that a responsible approach to the sharing of space on the basis of openness and transparency of space activities meets the interests of all countries. This approach will contribute to the pre vention of significant controversy and would eliminate erroneous assessment of the actions of partners and mutual distrust. In this regard, it is planned to expand international cooperation in the field of the peaceful use of space, as well as to ensure the safety of SFs by conducting operations aimed at eliminating collisions in orbits and reducing the pollution of space by frag ments of rockets and destroyed spacecraft.
One of the main objectives of the space policy of the United States is the need to expand and ensure human activities within the solar system. For this pur pose, the possibility of implementation of manned spacecraft flights beyond Earth's orbit is considered.
The above document of the United States also affirms an important principle for the choice of the development strategy for space technology. It postu lates that any country aspiring to leadership in the modern world should not fall behind in the areas related to the national security, which determine the development of transportion and information infra structure, global space communications, and space monitoring. To meet this postulate, it is necessary to possess key or critical technologies.
The "List of Critical Technologies" in which, in the opinion of the leading scientists of RAS, Russia, maintains a leading position, includes the technolo gies of life support and human body protection, which is closely linked with the objectives of Russian space activities [17, 31, 33-35, 38-40, 49] .
The ability of any country to launch space vehicles and implement manned SFs de facto ushers the partic ular country into the group of the most technologically advanced nations. However, forecasting critical tech nologies is most difficult, because it cannot be boiled down to the search for individual points of "break throughs" or "gaps" in one or another individual item of scientific knowledge. Instead, it must lead to the formulation of a more important issue, namely, whether it is possible to develop a fundamentally new quality of national research within the forecasted period and to ensure its integration within the frame work of one or more ideas and projects that are really crucial for the country's future [17, 27, 39, 40, 43, 44] .
Today, under the conditions of globalization, the pro gram of human exploration of near Earth space, the moon, and the nearest planets completely meets these criteria [1, 13, 21, 22, 25, 28] .
Although this position has been accepted and approved by the majority of Russian experts, it calls for a discussion about specific paths to the progressive development of space research. A number of scien tists, including academicians B.E. Chertok and E.M. Galimov, propose various alternative variants of the strategy of space research and development [5, 10, 25] . The existence of controversial issues is confirmed by discrepancies in the scientific community, includ ing the Russian Academy of Sciences, regarding the overall assessment of the effectiveness of the scientific research in space carried out to date [34] . However, there is no doubt that the implementation of manned SFs is impossible without medical support of the maintenance of health and effectivity of spacecraft crews [13, 19, 20, 37, 46] . In this regard, many alter native variants of the realization of the space program should be supported by advancing in depth studies of the problem of the safety and protection of the crews of manned space objects (MSOs), which will fly in orbits other than the near Earth orbits, taking into account the duration and intended use of MSOs [10, 13, 16, 52] .
As for future SF crews, the essence of the emerging new biomedical problems can be understood from the standpoint of the analysis of the risks that will accom pany the crews of promising MSOs, risks that have only been studied to a certain extent in the current missions. Which new factors and health risks will be encountered in long term missions to other planets?
Studies and tests performed in Russia show the need for increased efforts in studying the following most anticipated risks [3, 4, 15, 19, 20, 27, 46, [47] [48] [49] 50] :
(1) Genetic and metabolic risks in long term flights due to substantially different levels of exposure to physical factors compared to the Earth:
-long term microgravity and hypokinesia; -direct effect of variations in the solar wind and galactic cosmic radiation, not transformed by the Earth's magnetosphere; -attenuation, up to the absence, of the magnetic field of the Earth; -alternation of gravity of different levels; -Increased level of cosmic radiation outside the Earth's radiation belts.
(2) Risks of adverse dynamics of the mental state and deterioration of the efficiency of crew members due to:
-the full autonomy of flight of an expeditionary complex;
-the long term stay of the crew in social isolation, limited space, and separation from the familiar terres trial conditions of life; USHAKOV -the limitation of informational support and the obtaining of instructions in the context of unexpected problem situations;
-the need to develop new directions in activities that have not previously been provided in the training of the crew and that require additional special training equipment, including directed training of the body and correction of its functional state; -a high degree of responsibility for the mission's success in a climate of awareness of significant risk;
-the difficulties in interpersonal communication under conditions of long term isolation, with unex pected sources of social conflicts and changes in the mental status.
(3) The risk of diseases due to the low level of tech nically and technologically possible medical support in severe health disturbances, difficulties in remote medical diagnosis, insufficient knowledge of the spe cific course of a number of diseases and the specific effects of the conventionally used drugs under condi tions of SF, the lack of onboard technology for replacement therapy, surgical and microsurgical inter vention, cell therapy, etc.
(4) Physiological and hygienic risks of long term stay in a changed gas atmosphere, possible risks asso ciated with the degradation products of interior work materials entering into the atmosphere of a confined space object, and the change in the composition of materials under the influence of various physical fac tors of SF.
From a technical point of view, the development of manned space flight programs should be primarily ensured by the following: increased durability of equipment, increased maintainability, the ability to perform equipment repair by the crew, replenishment of consumables, the implementation of activities in open space, and the provision of safety and life activity of crews (i.e., an actual increase in the quantity and quality of onboard resources, which can be actively used based on the abilities of the crew and the qualifi cations of larger crews of MSOs [18, 41] .
Many future manned missions are characterized by certain common features in the assessment of the role of the human factor. Primary activities include (1) extravehicular activity and the implementation of repair and installation commissioning works inside and outside the MSO; (2) the long term technical maintenance of support systems, including the pro pulsion systems (nuclear reactors in particular), tech nical control of the safety of the living conditions of the crew onboard the MSO, control of the state of degradable materials from which the MSO is made; and (3) the visual task of monitoring the situation out side the MSO [25, 34, 41] .
Today, the possibility and even the necessity to use human capabilities for building, repair, and mainte nance of large and very sophisticated constructions in space is almost proven. Man in space will be in demand as a builder, installer, and repairer.
An example of this type of activity is the successful use of the technology of the extravehicular human activity on the repair of autonomous spacecraft and sophisticated devices such as the Hubble space tele scope [25, 51] . It should be noted that it was Russian scientists who created the groundwork in the develop ment of extravehicular human activity technologies, ranging from the design of the means for protection and rescue to the methods for the prompt medical monitoring and biomedical training of humans. The use of these techniques made it possible to obtain in the future a number of brilliant practical results in terms of flight safety and the reliability of extravehicu lar human activity.
Long term prospects are also characteristic of research and testing activity of crew members. Test and research cosmonauts working with sophisticated space equipment often demonstrated their undoubted advantages in performing those experiments and activities that cannot be fully automated and they pre liminarily planned to the last detail.
The Development of New Biomedical Technologies for Manned Spaceflight Support
Space biology and medicine, as an independent and advanced field of scientific knowledge integrating a set of biomedical research and technologies, studies the interaction of living systems with all factors of SF and space [8, 15, 23, 24, 48] .
The development of manned vehicles for deep space exploration will require solving a wide range of innovative biomedical, technical, and technological problems of space biology and medicine that did not arise during the creation and operation of the near Earth manned stations.
To date, the results of surveys served for the devel opment and successful use of a set of tools and meth ods of biomedical support of manned missions in low near Earth orbits, carried out under the protection of the Earth's magnetosphere. The main objectives of improving biomedical support of manned SFs, according to the ideas of the leading Russian scientists [6] [7] [8] [9] [11] [12] [13] [14] [15] , are: -Development of criteria for medical and psy chological screening and training of crews for flights, improvement of the work permit requirements for per sons with partial failure of health.
-Creation of reliable and ergonomic space suits and life support backup systems.
-Development of improved methods for prevent ing the adverse effects of long term exposure to micro gravity.
-Ensuring radiation safety at all stages of mission.
-Health support for the development and tests of promising manned space equipment and its compo nents.
-Improving the ergonomics of workplaces, equipment, and the means of life support of humans in MSOs.
-Solving the problems of planetary quarantine.
-Medical and technical support for the develop ment of advanced MSOs.
-Implementation from ground based and flight programs of basic and applied biomedical research on the mechanisms of adaptation of living systems to the conditions and factors of SFs.
-Improvement of the health care system based on the latest technologies and advances in medical sci ence and technology.
-Development of international cooperation in the implementation of current and future projects in space exploration.
To further space exploration, including the prepa ration to interplanetary flights, it is necessary to develop and test the technologies to ensure a longer stay of humans in microgravity while maintaining a high level of health and performance. The Interna tional Space Station has a unique basis for solving these problems [1, 18, [41] [42] [43] [44] .
Analysis of the scientific and technical problems of the Russian strategy for future human space explora tion, proceeding from the basic provisions of the Fed eral Space Program of the Russian Federation for 2006-2015 [49] , shows that many of the problems are closely related to space biology and medicine. Namely, these are the long term, autonomous stay of crew members in deep space; effective radiation pro tection of crew members; establishment of the health, efficiency, and safety of crew members at all stages of flight; comfort of living conditions of crew members; ensuring planetary quarantine; analysis of emergency situations and development of recommendations for promising MSOs; images of a lunar space station, manned lunar base, Mars space station, and Mars base; medical and technical requirements for MSO modules; and problems of navigation and automatic and manual control of flight of interplanetary com plexes [36, 37] .
In the coming years (2015-2020), the research in space biology and medicine will be planned, most likely, according to the state of work on further devel opment and operation of the ISS [26, 28, 29, 49] . The main tasks of crews in the framework of international cooperation will include the improvement of the med ical safety assurance system, including studies on reducing the expected projected health risks, and the implementation of basic research and experiments in the field of gravitational biology and physiology.
Modern medical support of flights to the ISS is characterized by an increased volume of work on med ical support of crew members, with allowance for a doubling of the number of launches of manned and cargo vehicles and an increase in the number of crew members of the main missions up to six persons, as well as by the complexity of tasks of planning, coordi nation, and implementation of flight and medical operations, including those occurring in emergency situations associated with a possible refusal of medical and exercise equipment [28, 29, 41, 43] . It is known that, starting from June 2009, medical care is provided on the basis of the principles of separate responsibili ties of the partners to maintain the health of the crews of the Russian and American segments and the use of onboard resources (trainers, life support systems, nutrition, and medical care), taking into account the mutual balance of contributions under the ISS pro gram. In this regard, it is necessary to perform further research to reduce the projected health risks of current and future manned missions.
The prospective space missions suggest the solution to a difficult complex of problems, mainly at the inter section of different fields of science. With regard to space biology and medicine, further discussion of the prospects of long term flights is most relevant in light of the "humanization" of new projects-efficiency, level of functional reserves, reserves of mental adapta tion, psychophysiological reliability of activity, and the psychological problems of joint work with crew mem bers from a different cultural, national, religious, and professional background. These and other problems can become limiting factors in flights of varying dura tion.
Long range prospects for the development of manned vehicles are associated with the study and development of deep space, and Mars in particular [49] . It is worthwhile to consider ground based model studies and complex experiments related to solving the medical problems of a manned mission to Mars in light of these prospects. This category includes the 520 day, ground based comprehensive experiment with confinement and tests of the components of the medical support of the crew of the Mars mission, which is currently being performed at the Institute of Biomedical Problems, Russian Academy of Sciences. In this experiment, the technologies of biological life support systems and the control parameters of the environment are being developed, the impact of phys ical and chemical factors on the main physiological systems of the body in confinement are being assessed, and the dynamics and patterns of human-biological life support systems interaction are being studied. A large body of the research in the 520 day experiment is devoted to the solution of psychophysiological prob lems (in particular, the development of advanced tools and methods for the control of operators and their psychophysiological state, optimization of the system of selecting and training of crew members, and provid ing the intragroup interaction between the crew mem bers with allowance for the individual characteristics of participants).
The possibility of manned flights to other planets is a powerful stimulus for the further development of sci ence and technology, including space medicine and biology. Creating space systems for missions to the Moon and Mars will require the development of inno vative biomedical technologies that will provide, first of all, for the reliability and safety of the mission crews. Naturally, when addressing the biomedical problems of manned missions to the Moon and Mars, the expe rience gained in providing long term near Earth flights and the flights of American astronauts to the moon will be used. Studies of the effect of long term exposure to microgravity on the body and the prob lems of artificial gravity as a means of maintaining the optimal functional state of the human body in inter planetary flights will be continued. The bases for these studies should be the ISS and automated spacecrafts Bion M, Foton M, and Back ICA.
Directions of Anticipating Work in Space Biology and Medicine
Analysis of published data makes it possible to speak about many features and nuances of the inter pretation of the term "anticipating" in relation to the realities of Russian fundamental science. For space biology and medicine, the most important meanings of the word "anticipating" are as follows:
-The use of the best national schools and research directions in the interests of such sectors of space biol ogy and medicine as the physiology of functional sys tems, gravitational and cell biology, biotechnology, and ionizing and nonionizing radiation biology.
-The development of the most integrated fields of medical and biological sciences, focused on solving the major scientific, technical, and technological problems, such as biomedical provision and the safety of SFs; sophisticated systems for human life supply in extreme conditions; extreme physiology; the physio logical-hygienic and epidemiological problems of long term human confinement; the physiology and medicine of healthy subjects and those of dangerous pro fessions; the psychology and psychophysiology of small groups; engineering psychology; ergonomics, etc..
-The introduction in the practice of ground based and flight studies of new biomedical technolo gies and related areas of medicine, primarily molecu lar biology, medicine, genetics, immunocytochemis try, medical robotics, medical informatics and teleme try, and nanotechnology.
-Close cooperation with breakthrough projects in other areas of basic research of the Russian Academy of Sciences, especially with those in materials science, nanotechnology, microelectronics, renewable energy sources, etc.
-The creation and development of a unified information database of various scientific and practi cal institutions, to a certain extent involved in con ducting biomedical research and experiments in space.
Analysis of trends in the development of space technologies and political assessment of the possible technical and health risks, with allowance for the interests of national security and prospects for the development of space biology and medicine [39, 40] , suggests the need to enhance the degree of interpene tration of scientific ideas in Russia and CIS and non CIS countries for the development of technologies in which there may by a delay in expected scientific advances and their implementation in practice; to forestall losses of human resources and technologies in case they are impossible to recruit abroad; to search for ways to raise scientific projects to the All Russia level and to diversify education, creating training pro grams on conducting research and experiments in space and introducing them into the education of schoolchildren and students.
Integration of space biology and medicine with other fields of basic research should also be considered as a relevant direction of "anticipatory" activity. Pro ceeding from the Plan for Basic Research of the Rus sian Academy of Sciences for the period up to 2025 and from a number of other documents [33, 38, 39] , the following interdisciplinary areas of work can be identified:
-Study of the effect of physical fields of natural and artificial origin on biological systems and humans during implementation of interplanetary missions, with application of different technologies for the pro tection and prevention of disorders; the study of the mechanisms of human adaptation to various industrial (technogenic) conditions, including the elucidation of the molecular, structural, and functional bases of indi vidual sensitivity and stability of humans and animals to physical, chemical, and biological environmental effects, with the development of tests for a rapid diag nosis; distinguishing local and integral "markers" of the ability of the body to adapt, which will allow for individual selection of subjects for work in the most demanding space missions.
-Development of methods of physicochemical and molecular biology, as well as genetic and cell engi neering, to meet the challenges of long term predic tion of possible health disorders in crew members dur ing interplanetary missions, including new methods for genetic diagnosis of the risk of cardiovascular dis eases.
-Creation of new biotechnological and bioengi neering systems to ensure environmental safety in confinement, as well as the development of methods and means of maintaining a stable ecological balance during the stay of humans in confinement.
-Creation of new generations of life support and protection systems for the crews of MSOs in emer gency situations; the development of methods and means of medical and technical support of crews who suffered as a result of accidents on board the MSO; an increase in the arsenal of personal protective equip ment and rescue, including the elements of "smart clothes," micro miniature tools for monitoring the vital functions in extreme environments; creation of the means of visualization of the human condition during implementation of dangerous operations, etc.
-Ensuring environmental safety in confinement objects that are components of multi element MSOs; development of methods and means of rapid toxico logical hygienic control of the environment; predic tion and mitigation of accidents in confinement; development of methods of manual and automatic (with the use of robotic systems) implementation of "domestic" operations for processing wastes and the disposal of harmful contaminants in air, water, and on surfaces of work areas in confinement; optimization of energy consumption during professional activities with allowance of the stay of cosmonauts in specific work areas and of work with a specific type of equip ment and payloads.
-Creation of new medical robotic systems mak ing it possible to provide a graded load on different muscle groups, contributing not only to the recovery of disturbed motor function but also to the return to a particular operator of the inherent movement patterns based on the expertise of the individual characteristics of motor functions and gaining the necessary physical shape.
-Development of scientifically substantiated principles of designing robotic systems (exoskeleton technology) for extravehicular activity and long term maintenance of physical activity of operators at extremely high physical loads on the basis of biome chanical modeling of "man-protective robotic design" complex systems driven by biofeedback prin ciples.
As for future long term manned SFs, of particular interest is the use of the latest methods of physico chemical and molecular biology, as well as genetic and cell engineering, to perform the following research and development to meet the challenges of the pro tecting the body from various types of damaging effects of physical factors and validation of new means and methods for the prevention of their adverse biological effects:
-Study of the mechanisms underlying the decrease in the resistance of the body at the tissue and cellular levels under the influence of changed physical factors of the environment, with prediction of the short and long term consequences for the health, efficiency, and career longevity of cosmonauts.
-Study of the metabolic processes that determine the immunobiochemical and nutritional status of the body, the molecular mechanisms of regulation of vis ceral functions, capillary permeability, and angiogen esis mechanisms, molecular physiology of water-salt metabolism, and energy capabilities of humans in per forming various types of hard physical and mental work, and the risk of the development of maladaptive disturbances of the regulation of tissue homeostasis for the purposes of diagnosis and medical care.
-Identification of genetic and serological markers of diseases that may develop as a result of chronic occupational exposures and occupational stress, development of the methods for the treatment and prevention of chronic non infective diseases whose course in long term flights may differ from that in nor mal conditions, as evidenced by a significant decrease in the age of the onset of these diseases in groups of subjects with hazardous occupations, which may lead to reduced tolerance to extreme flight factors.
-Development of new methods for the rehabilita tion of cosmonauts, with the restoration of altered body functions on the basis of knowledge of their sys temic organization, including the levels of possible tis sue and intracellular damage caused by the effect of factors of interplanetary SFs.
-Development of ways to control physiological processes in the body of an astronaut in flight in order to increase adaptive capacity and resistance.
-Development on the basis of biochemical and molecular biological research of methods for assessing the toxicity, carcinogenicity, and teratogenicity of newly developed materials and pharmaceutical prod ucts intended for use in the complex protection of the cosmonaut's body, in the stimulation of physical and mental efficiency and the correction of stress induced disorders.
-Study of the detection methods for the physical and chemical structure of substances that can form during the destruction of nanomaterials used in the construction of MSOs, which may potentially deteri orate the functional activity and mental health of cos monauts, especially in the stages of making responsi ble decisions related to the safety of work at MSO.
-Biomedical (including toxicological and hygienic) study of low intensity physical and chemical factors, the threshold of their effect on the functional systems of the human body, and the possible damaging effects at the cellular and tissue levels.
-Study of the effectiveness of using artificial grav ity as a means of maintaining optimal functional status of the body in long term SFs.
-Study of the molecular mechanisms of adapta tion and ways to improve the resistance of the human body to adverse factors-cold, hypoxia, physical over loads, hypokinesia, microgravity, space radiation, and modified atmosphere; analysis of the characteristics of regenerative processes in humans with intermittent or long term exposure to extreme conditions.
-Study of the methods of cell therapy based on cryogenic storage of cell and tissue material on board the MSO and the development of methods to stimu late wound repair processes in the case of traumatic injuries.
-Study of the mechanical properties of biological tissues at different types of static and dynamic loads and the analysis of the biomechanical characteristics of the musculoskeletal system and the human body and the study of the role of the kinesthetic afferenta tion in spatial orientation and the provision of stability of sophisticated biomechanical structures at various external perturbations.
At the stages of professional selection of candidates for long term SFs, it will be necessary, based on the fundamental developments of space biology and med icine (site of the Institute of Biomedical Problems, Russian Academy of Sciences: http://www.imbp.ru/ webpages/win1251/Science/Science.HTML), to solve the following scientific and practical tasks a new level:
-Immunobiochemical correlations of the devel opment of psychogenic disorders in cosmonauts under conditions of occupational stress and the mechanisms of reduction in resistance to stressful conditions of professional activity.
-Molecular mechanisms of maintaining homeo stasis during long term stay of cosmonauts in artifi cially modified atmospheres in confinement, includ ing the mechanisms of oxygen transport in the body and changes in the hemodynamic and hemostasis indices under these conditions.
-Mechanisms of thermal regulation of humans under extreme conditions using materials with the heat accumulating effect based on nanotechnologies and substantiation of requirements for the creation of "smart clothing" with improved physiological hygienic characteristics.
-Methods for detecting genetic markers for expert examination of candidates to identify the sub jects prone to oncological, cardiovascular, and other diseases [2, 3].
-Energy and metabolic characteristics of the body that affect the state of the functional reserves, including the cardiorespiratory system.
The complexity of these tasks requires the integra tion of studies of different scientific and educational institutions through the implementation of certain activities, such as the strengthening the scientific con tacts (under the RD projects, etc.) with institutes of the Russian Academy of Sciences, departmental research centers, and higher education institutions; active use of high performance computing resources, software and informational support for automated sys tems, research facilities, and equipment for collective use; and the allocation of targeted funding for basic research in space biology and medicine to the partici pants of space projects. SUMMARY Space programs implemented in Russia today, both independently and in cooperation with other coun tries, show that its rightful participation in the devel opment of international cooperation strategy is the result of both scientific and technological anticipation and the advantaged position won in previous periods, especially in the first, "Gagarin" period of manned space flights.
A question arises as to whether Russia will, in the near future, use its historic opportunity to consolidate its position in space and to assert the role of manned space flight as the most integrated and high tech sec tor of innovative achievements, or if it or lose its scien tific and technological positions. The answer to this question will determine the development of the space industry, not only at the current stage, which is set by the Federal Space Program of Russia for 2006-2015, but also in the longer prospects until 2040, as well as the fate of Russian basic space science, an integral component of which is the space biology and medi cine.
CONCLUSIONS
(1) The new space projects will play a particular cumulative and "catalytic" role in the development of basic research and in the plans for the innovative development of Russia, as is evidenced by the national history of rocket and space technology and biomedical technologies for the supply of space flights of humans and other living beings.
(2) One of the "locomotives" of science and tech nology in Russia can and should be manned space flights. In this area, a powerful squad has formed, con sisting of highly qualified experts. They are not only able to continue work on existing developments, but they are also capable of scientific creativity, the perfor mance of challenging test work, the preparation of large scale laboratory and flight experiments, and the solving of complex problems with the highest demands on safety of personnel and environment. They know the technologies of selection and the ground based preparation of test persons of dangerous occupations for work in space projects.
(3) In accordance with the objectives set out in the Federal Space Program of Russia for 2006-2015, the basic conceptual approaches to the selection of the directions of development of Russian space explora tion, including space biology and medicine, were formed. However, the choice of options to achieve rapid and complete implementation of various space projects is still actively debated. This most significantly affects the strategies of basic and exploratory research. Obviously, they should be planned to ensure not only the preservation of what has already been achieved, but also the creation of favorable conditions for strengthening national priorities and advancing in the most critical areas of science, including its essential and integral part-biomedical research in flights of manned and unmanned spacecraft.
(4) Retaining the priority of space research, includ ing the biomedical studies, is a prerequisite for favor able development of Russian basic research. Ignoring the sciences involving life and the capabilities of the human body can lead to irreversible degradation of the whole field of basic research, as well as the loss of key technologies, without which the risks associated with the safety of future manned spaceflights will become unacceptably high.
(5) Space biology and medicine, with the existing cooperation of its basic research and testing organiza tions and allowance for the long term work plans and priority research directions of other institutions of the Russian Academy of Sciences, should be prepared for the most probable scenarios for Russian space activi ties. A key condition for the ability to meet new chal lenges is the continuous and purposeful continuation of basic and applied biomedical research on manned and unmanned spacecraft. The starting point of move ment should be the clearly and unambiguously formu lated priorities in biomedical research in space as a basis for strategic planning for basic research. Main taining the existing "scientific fabric" and the estab lishment of the succession of generations of research ers should remain the major component of this plan ning.
(6) Russian researchers have created certain exper imental and theoretical advances in the biomedical support of a long term manned mission to Mars. In terms of ensuring the crew safety for future "ultralong term" missions (including interplanetary ones), con ducting exploratory research to create an artificial environment that meets the requirements of self regu lation and maintenance of homeostasis in a wide range of disturbing factors and risks under conditions of flight autonomy without receiving extensive help from the Earth is one of the most promising areas for inter national cooperation in the current and future space development projects.
(7) In the face of fierce competition for resources, funding, and confidence in public and state institu tions, only the anticipation of the demands and needs of the high tech sector of space science and technol ogy and long range planning of the paths and rates of development of space biology and medicine can ensure the balance of natural requirements, both to a rapid practical realization in SFs of the achievements of biomedical sciences and to the advanced level of studies that meet the high standards of basic science.
(8) The interests of further successful development of Russian space biology and medicine require a con tinuation of the efforts to create a stronger scientific cooperation with foreign research institutions and space agencies.
